Abstract
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The production of mechanically recovered meat (MRM) from certain species of marine fi sh (especially from cod and salmon) and its processing is currently a routine component of processing activi ties by fi sh processing enterprises. Good technological characteristics and a comparatively low cost make it a profi table raw material for food production such as fi shfi ngers, sticks (surimi) or fi shburgers. Production of MRM from freshwater fi sh has a shorter tradition, though it may become a potentially attractive raw material for food production in the future. Moreover, the preparation of MRM enables more economical use of biological waste and a reduction of its amount. According to the FAO report, world inland aquaculture production of fi sh has grown in the last few years, from production of 24 (7.1 excluding China) million tonnes in 2002 to production of 31.6 (10.1 excluding China) million tonnes in 2006 (FAO, 2009 ). In the case of cyprinid fi sh, the production of common carp and silver carp in the European Community was 61,733 and 3,658 tonnes live weight respectively this year (European Commision, 2010) . The statistics indicates a global role for carp (Cyprinidae) in fulfi lling human nutritional needs. The fi sh proteins and lipids may be used as dietary supplements or an ingredient in functional foods (Taskaya et al., 2009) . This paper is a follow-up study to an investigation in which the chemical composition (dry matter, protein, collagen, fat, ash) and shelf life (free fatty acids, peroxide values, ammonia nitrogen) parameters and the level of microbiological contamination of mechanically recovered meat (MRM) produced from common carp and silver carp were analysed (Buchtová and Cupáková, 2009 ). According to this study MRM is a good quality raw material, although in the Czech Republic it is an untraditional product and its annual production is insignifi cant. However, carp is seen as the cheapest and by far the most commonly consumed fresh water fi sh in the world (Taskaya et al., 2009) . Therefore MRM made from carp could be increasingly used in the development a new type of fi sh products around the world and the production of this raw material could become an interesting business strategy.
This study evaluates the fatty acids profi le in mechanically recovered meat (MRM) made from common carp and silver carp, as there is no paper concerning these data. From human nutrition point of view, polyunsaturated fatty acids (PUFA) are the most important part of fi sh meat. The fatty acid composition of MRM is largely determined by the chemical composition of the input raw materials for its production. It is assumed that mechanical equipment has no eff ect on MRM composition. The composition of muscle tissue from diff erent fi sh species will diff er according to fi sh size, sex cycle, nutritional and health status, and certain other conditions in the external environment of the fi sh. The most variable component are lipids, whose content and composition are largely determined by the type and amounts of food consumed in the course of the year (Kmínková et al., 2001) .
The methods of fi sh rearing and the chara cter of the aquatic environment in which the fi sh live are also extremely important. The spectrum of fatty acids in the fat of carp that live in natural waters in the wild and consume only natural foods is markedly diff erent from the fatty acid composition reported in carp raised in pond aquacultures. The product of traditional carp rearing based on a natural diet supplemented with cereals (wheat) are fi sh whose lipids contain a high proportion of oleic acid (C18:1n-9) and negligible amounts of n-3 polyunsatu rated fatty acids (PUFA). The uptake of eicosapentaenoic acid (C20:5n-3) and docosahexaenoic acid (C22:6n-3) from wheat was practically zero, as these acids are not present in wheat (Steff ens, 1997) .
The dominant component of phytoplankton are cyanobacterial water blooms, whose metabolites may aff ect the fi sh organism (Malbrouck and Kestemont, 2006) . The presence of certain cyanobacteria (genus Microcystis) in the aquatic environment may adversely aff ect the chemical composition of fi sh muscle tissues. In the herbivorous silver carp, these changes depend on the degree of water bloom popu lation digestibility, which is lowest in the exponential growth phase (Mareš et al., 2009) .
The aim of the present study was to analyze the fatty acids profi le (in g.kg −1 ) in wet tissue of MRM made from common carp (Cyprinus carpio, L.) and silver carp (Hypophthalmichthys molitrix, Val.) -fi sh primarily destined for fi lleting and subsequent processing of their residual skeletons by mechanical separation. In the case of silver carp, an additional aim was to analyze the fatty acids profi le (in % of total fatty acids investigated) in internal fat that was sepa rated from internal organs removed from the fi sh body cavity. These silver carp were primarily destined for evisceration only. The reason for this evalua tion is the fact that fi sh fat may be obtained from wholesome fi sh (there are no grounds for declaring the fi sh unfi t for human consumption) and used for food production (Commission Regulation, 2005) .
MATERIALS AND METHODS
The fi sh were reared under standard conditions for pond fi sh farming in the Czech Republic with semi-intensive management. Fish had their natural diet available in the ponds (plankton, benthos). For additional feeding of the fi sh, uncrushed whole wheat was used. Fish were processed at the freshwater fi sh processing plant using a standard processing procedure. Samples of MRM from common carp and silver carp were taken using Baader processing equipment (Lübeck, Germany). A total of 5 production batches of each MRM type were examined. Fi y kg of the raw material (3/4 was made up of the cranial part of the body including the pectoral fi n and the caudal peduncle, and 1/4 was made up of skeletal remains -spine including ribs a er fi lleting) was used for the preparation of each production batch of MRM. Ten individual samples of each MRM type weighing about 500 g were vacuum packed and stored at (+2 ± 2 °C) ambient temperature.
18 pieces of fi sh were randomly selected of a set of silver carp. Fish were gutted, internal fat was separated from the internal organs. The live weight of fi sh (5.08 ± 1.43 kg) and weight of internal fat (237.29 ± 111.36 g) and its yield (4.43 ± 1.28%) were determined. Internal fat was used to determine of the fatty acids composition. A total of 5 pooled samples were examined. Each pooled sample consisted of internal fat separated from 3 or 4 pieces of silver carp.
The total lipids in raw MRM were extracted into a hexan-isopropanol extract (Hara and Radin, 1978) . The determination of fatty acids composition was performed by gas chromatography using GC -2010 (Shimadzu, Japan) apparatus with a fl ame ionization detector (FID) and capillary column VB WAX (60 m x 0.32 mm x 0.25 μm). The optimum temperature gradient was 140 °C to 240 °C (5 °C/min). The injector temperature was 280 °C, the FID temperature was 300 °C. Nitrogen was used as the carrier gas. (Hypophthalmichthys molitrix, Val.) . MRM: mechanically recovered meat, ∑SFA: saturated fatty acids, ∑MUFA: monounsaturated fatty acids, ∑PUFA: polyunsaturated fatty acids, PUFA n−6/n−3 : ratio ∑PUFA n−6 : ∑PUFA n−3 Groups with a diff erent alphabetic superscript in lines diff er signifi cantly at P < 0.05 or P < 0.01. The numerically lower value is indicated by an "a". Note: Statistically signifi cant diff erences between fatty acids present in amounts tens of milligrams per kg have no practical importance. (Buchtová and Cupáková, 2009) (FA that have more double bonds in the FA chain), ∑PUFA n−6 , ∑PUFA n−3 (the distinction between n−6 and n−3
relates to the position of the fi rst double bond in the carbon chain), and ratio ∑PUFA n−6/n−3 between MRM made from common carp (Cyprinus carpio, L.) and silver carp (Hypophthalmichthys molitrix, Val.) (in g.kg −1 in wet tissue), and between MRM fat and internal fat from silver carp (in % of total fatty acids investigated). Mean and the standard deviation (S.D.) of the parameters and statistical signifi cance (one-II: Fatty acids profi le (in % of total fatty acids investigated) in MRM fat from silver carp (Hypophthalmichthys molitrix, Val.) and in internal fat that was separated from internal organs removed from fi sh body cavity of the same species. MRM: mechanically recovered meat, ∑SFA: saturated fatty acids, ∑MUFA: monounsaturated fatty acids, ∑PUFA: polyunsaturated fatty acids, PUFA n−6/n−3 : ratio ∑PUFA n−6 : ∑PUFA n−3 Groups with a diff erent alphabetic superscript in lines diff er signifi cantly at P < 0.05 or P < 0.01. The numerically lower value is indicated by an "a". Note: Statistically signifi cant diff erences between fatty acids present in amounts tens of milligrams per kg have no practical importance. 
RESULTS
The fatty acids profi le (in g.kg −1 ) in wet tissue of MRM made from common carp and silver carp is given in Tab. I.
The fatty acids profi le including the levels of ∑SFA, ∑MUFA, ∑PUFA n−6 , ∑PUFA n−3 , ∑PUFA and ratio ∑PUFA n−6/n−3 in MRM made from common carp compared with MRM made from silver carp was statistically (P  0.01, P  0.05) diff erent. Only the content of four fatty acids (cis-10-heptadecenoic acid: C17:1, oleic acid: C18:1n9, -linolenoic acid: C18:3n6 and dokosatetraenoic acid: C22:4n6) were practically identical. Quantitatively most important FA was oleic acid: C18:1n9 (common carp: 35.98 ± 0.71 g.kg −1 , silver carp: 37.15 ± 1.36 g.kg . All PUFA n−3 in common carp MRM were present in small quantities (P  0.01), which was refl ected in a low value of ∑PUFA n−3 : 4.38 ± 0.14 g.kg −1 . The above diff erences between common carp MRM and silver carp MRM were the reason for the more advantageous ∑PUFA n−6/n−3 ratio in silver carp MRM (0.22 ± 0.01 g.kg ). The fatty acids profi le (including the levels of ∑SFA, ∑MUFA, ∑PUFA n−6 , ∑PUFA n−3 , ∑PUFA and ratio ∑PUFA n−6/n−3 ) in MRM fat produced from silver carp and in the internal fat of the same fi sh (in % of total fatty acids investigated) is given in Tab. II.
Compared with MRM fat, the internal fat from silver carp contained higher percentage ∑MUFA (P  0.01) and ∑PUFA n−6 , ∑PUFA n−3 , and ∑PUFA (P  0.05). More specifi cally, oleic fatty acid: C18:1n-9 (33.11 ± 1.39 in %), essential linoleic acid: C18:2n-6 (1.64 ± 0.14 in %) and -linolenoic acid: C18:3n-3 (4.95 ± 0.31 in %) were found in greater abundance. The ∑PUFA n−6/n−3 ratio in the internal fat (0.24 ± 0.01 in %) and MRM fat (0.22 ± 0.01 in %) was comparable.
DISCUSSION
The results of this study broaden knowledge about the fatty acids profi le in an untraditional product of freshwater fi sh processing -MRM made from two species of cyprinids. This untraditional raw material, particularly from silver carp, could serve as a good source of biomedically signifi cant components that positively aff ect human health (Taskaya et al., 2009) or as a valuable raw material for the manufacture of special functional foods from fi sh (Tellez-Luis et al., 2002) . In particular, ∑PUFA n−3 in MRM from silver carp was found in the present study at a higher level (P  0.01: 15.44 ± 1.08 g.kg −1 ). Eicosanoids of the prostacyclin type derived from eicosapentaenoic acid (C20:5n-3) are considered particularly valuable. Their anti-infl ammatory, antithrombotic, antiarrhytmic and immunomodulating properties can be helpful in the prevention of coronary heart diseases, hypertension, atherosclerosis and other diseases (Steff ens, 1997) .
Common carp farmed in aquaculture systems preferentially consume the cereals (wheat) supplied and their fat therefore contains high amounts of oleic acid (C18:1n-9), which is produced by the desaturation of saturated fatty acids synthesized in the fi sh organism from energy-rich supplemented feed (Henderson, 1996) . This acid had a predominant share in MRM from common carp 35.98 ± 0.71 g.kg −1 in the present study. The low proportion of ∑PUFA n−3 (4.38 ± 0.14 g.kg −1 ) suggests that the natural potential of the common carp's organism to produce more highly unsaturated n−3 fatty acids is not produced use of when common carp are raised in aquaculture systems. A number of experiments involving alternative feed components fed to fi sh reared in aquaculture systems to enhance the quality of their lipids are underway around the world. Feedstuff s containing large amounts of PUFA n−3 are oils (fi sh, linseed, rapeseed or hempseed oils). Rapeseed and linseed oils are commonly used as fi sh oil substitutes in salmonid fi sh diets (Picková and Morkore, 2007) . The biologically active substance sesamine is also used for this role (Trattner et al., 2008) .
The composition of common carp and silver carp lipids may be signifi cantly aff ected by the presence of cyanobacteria (Microcystis aeruginosa, Microcystis ichthyoblabe) in their aquatic environment. Bluegreen algae have a particularly adverse eff ect on the PUFA spectrum, causing an increase in the abundance of ∑PUFA n−6 in the lipids of experimental fi sh compared with the controls. Experimental fi sh were exposed to naturally developing cyanobacterial bloom for 4 weeks; control fi sh were kept under the same conditions, but without exposure to cyanobacteria. Both fi sh groups were reared without additional feeding and foraged natural food (Mareš et al., 2009) .
In our experiment, the compositions of fatty acids present in the internal fat of silver carp and MRM fat from the same fi sh were not completely identical. With the exception of caproic acid (C10:0) and lignoceric acid (C24:0), quantitatively higher number of fatty acids with signifi cant (P  0.05 and P  0.01 respectively) diff erences in values were found in the internal fat (Tab. II). From the point of view of economic evaluation, silver carp contained internal fat which, thanks to its composition, could be intere sting complementary alternative source of ∑PUFA n−3 13.78 ± 0.39%, in particular -linolenoic acid: C18:3n-3 (4.95 ± 0.31%), eicosapentaenoic acid C20:5n-3: (3.94 ± 0.19%) and docosahexaenoic acid C22:6n-3: (3.32 ± 0.15%) were found in greater abundance (in % of total fatty acids investigated). Given the internal fat yield that we found in our experiment (4.43 ± 1.28 %), this information could be interesting for states with high annual production of silver carp (within the European Union, e.g. Hungary with 2,484 and Romania with 1,695 tonnes live weight of silver carp in 2007) (European Commision, 2010). The internal fat from silver carp could serve as a good source of pharmaceutically signifi cant components if used as a raw material for products such as dietary supplements.
CONCLUSION
From the viewpoint of the fatty acids composition, this study suggests that mechanically recovered meat and internal fat, especially from silver carp (Hypophthalmichthys molitrix Val.) may be an interesting alternative raw material for food production, like the production of MRM from marine fi sh (cod, salmon). Production of MRM from silver carp and separation of its internal fat may be a good business strategy.
SUMMARY
The aim of the study was to analyze the fatty acids (FA) profi le and FA sums (∑SFA: saturated FA, ∑MUFA: monounsaturated FA, ∑PUFA: polyunsaturated FA, ratio ∑PUFA n−6/n−3 ) (in g.kg −1 ) in wet tissue of mechanically recovered meat (MRM) from common carp (Cyprinus carpio, L.) and silver carp (Hypophthalmichthys molitrix, Val.), and in the case of silver carp to analyze the fatty acids profi le (in % of total fatty acids investigated) in internal fat. The fatty acids profi le in MRM from common carp compared with MRM from silver carp was statistically (P  0.01, P  0.05) diff erent. Quantitatively most important FA (in g.kg −1 ) in MRMs of both species was oleic acid: C18:1n9 (common carp: 35.98 ± 0.71, silver carp: 37.15 ± 1.36). MRM from silver carp contained (in g.kg −1 ) more (P  0.01) ∑SFA: 26.19 ± 0.99, ∑MUFA: 49.01 ± 2.00 and ∑PUFA: 18.90 ± 1.24 as a result of higher proportions ∑PUFA n−3 : 15.44 ± 1.08, and particularly high levels of -linolenoic acid C18:3n-3: 5.37 ± 0.36, eicosapentaenoic acid C20:5n-3: 4.30 ± 0.31 and docosahexaenoic acid C22:6n-3: 4.15 ± 0.30. Common carp MRM contained (in g.kg −1 ) more (P  0.01) ∑PUFA n−6 : 9.70 ± 0.26 as a result of higher proportions of linoleic acid C18:2n-6: 8.03 ± 0.20 in particular. All PUFA n−3 in common carp MRM were present in small quantities (P  0.01), which was refl ected in a low value of ∑PUFA n−3 4.38 ± 0.14. The ∑PUFA n−6/n−3 ratio in silver carp MRM (0.22 ± 0.01) compared with common carp MRM (2.22 ± 0.06) was more favourable. The internal fat from silver carp contained (in % of total fatty acids investigated) more ∑MUFA (P  0.01) and ∑PUFA (P  0.05) in comparison with silver carp MRM fat. However, the ∑PUFA n−6/n−3 ratio in silver carp MRM (0.22 ± 0.01) and internal fat samples (0.24 ± 0.01) was comparable. This study indicates that the fatty acids profi le in MRM and in the internal fat, particularly from silver carp (Hypophthalmichthys molitrix Val.), is valuable for human health.
